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WIND TUNNEL INVESTIGATIONS AIMED AT DEVISING TESTS
OF AIRCRAFT SPIN .

J. Gobeltz.and M..Vanmangart; ‘
Lille University, Lille,France:

"IhtfddUchon A

When the In-Fiight TéSting Centers. were studying spin
several decades ago, fréQuéntly-thEse agéncies had nelther
spin wind tunnél tests nor spécially adaptéd instrumentation
availlable to them, and in many cases the pilotls evaluation com-
pPrised the only usable information. Moreover, there were no
safety means of recognized efficiency available to the pilot.

Subsequently, spin tests were conducted with mock-ups
placed in a vertical wind tunnel, with a. simultan-
eous. attempt to make optimum use of the information furnished
by conventional instrumentation.

Thus special instrumentation, especially from an anemometric
standpoint, was found to be necessary in order to determine
the real natureaofithe phenomena and to be able to analyze them.

The present article is based on recent research with the
following objectives:
-- to define an anemometric method adapted to spin and
capable of supplying enough Ilnformation toddescribe the
phenomena correctly, even under highly disturbed conditions;
== to study safety devlices appropriate for certain types of
alreraft.

This research has yielded the.folloﬁing'results:

*Since source paglination is not lndicated in the original text
slashes 1in the margin indicate new page in the original.



-~ f£irst, the nature of airflow around the nose of long-
fuselage aircfaft, showing'how thé'sh&pe dﬁ.the ndse
Influences the behavidr of such aircraft during spin;

-~ and second, determination of a basls for research on
suftable méans of modifying the typé of spin of a given
alrcraft or the spin control.

The first specilalized anemometer (A) used for spin which
will ke discussed here is that described by Fromentel and Plessy
in thelr paper presented to the AFITAE [Assoclatlon Francaise
des Ingéhieurs et Techniciens de 1'A€ronautique; French Associa-
tion of Aeronautical Engineers and Technicians] in 1967. A re-
view of the limitations of device A will be followed by a des-
cription of device B, which was studied recently, and whose

capabllitles are much higher.

1.1. Device A >

1.1.1. Description

The anemometric device includes (see Fig. 1}:

~—- a Chaffols rod secured along the forward axis of the
fuselage (that 1s, 30°30' dive) and including a total
pressure gauge and two neighboring static pressure
gauges, one termed the forward statle gauge and the other
the rear statlic gauge;

~-- a Badin total pressure gauge preset at 45° under the fuse-
lage, withln the plane of symmetry of the aircraft, its
distance from the forward tip of fhe fuselage belng equal
to 80% of the mean chord of the wing;

«~ an incident wvane under‘thé nose;

-~ a sideslip vane on the right side of the nose,

The shafts of the vanes, normal to the skin of the nose, are



at a distance from the forward tilip of the fuselage whilch is 30%
of the mean chord of the wing.

. » » USE

The operative principles of thils anemometer are based on the

simultaneous use of wanes and probes.

The sideslip vane makes it possible to choose a curve on
the graph shown in Fig. 2 which gives a coefficlent K making it
possible to change from
. Badin total pressure - Chaffois statlc pressure
to the kinetic pressure and, in addition, the incidence (this re-
peats the reading from the incident vane) as a function of the
value of the ratlo
Chaffois total pressure - Chaffolis static pressure
Badin total pressure - Chaffois static pressure

This device could be used only at discrete points for rela-
tively flat and disturbed spin, even 1f the disturbance was only
moderate. This was due to the fact that the sideslip vane was
attacked in a direction close to that of its axis of rotation.
Figure 3 gives an example of a recording of the information fur-
nished in this case by the sideslip vane. Obviously under such
conditions only points of zero sideslip can be considered to fur-
nish rellable data.

Moreover, the incident vane was masked for negative side-
slip: it may be noted in Fig. 1 that the vanes are placed in a
plane where the diameter of the fuselage crossssettion 1s equal
to five times the dimensions of the vanes.

Device A, which in itself did constitute a considerable ad-
vance, nevertheless had serious flaws,

1.2. Device B ) _
Device B, deseribed below, was designed especlally for spin,

in such a way that the anemometer is able to glve continuous and



sufficiently accurate informaticon on the speed vector throughout
the range traversed. Some of the information glven 1is even
redundant, at least within a certain range of incidence and slip.

1.2.1.  Operative Principles

Thé'opérativé principles of thils anemqmeter are based on
simultaneous knowlédgé'of data from one rod -- neighboring probe
to one Chaffols dévicé ~= gand the distribution of parietal pres-
sures around the circumference of a cross section of the forward
part of the fuselage. The rod is normal to the cross section

considered.

The rod (Fig. 4) was equipped with a total pressure intake
and a static pressure intake with four openlngs; this number
was ralsed to 12 during calibration, for reasons which will be

shown later.

The pressure distribution within the cross section of the A
fuselage 1s determined by a ring with 12 parietal pressure intakes
(Fig. 5). Behind each intake 1s a capsule with an electrical
outlet. These pressures are 1n opposition to the static pressures
at the rod; the same is true for the total pressure at the rod.

In flight, all data from the ring and the rod are transmitted
by radio to a computer for immediate processing.

Although the values supplied by this anemometer make it
possible to deflne the speed yvector totally, by completely cover-
ing the spin range d—g,'neverthEless the quantities to be deter-
mined first are not o and B, hut fwo other angles which are more
directly accessible with the device studled and are defined below.

In Fig. 6, ..angle d s defined as the dihedral angle
formed by the plane of symmetry PS of the aircraft and the plane



PV containing the axls of the fuselagesand the direction of
the wind.

In plane BV, the direction of the wind and the longitudinal
axis ferm an angle c.

Palr ¢ - d 1s equivalent to o - B
tan are (tan ¢ -+ cos 4d)

“Lo

8

)

sin are (sin ¢ - sin d)

As willl be seen later, the ring furnlshes the value of
maximum parileftal pressure within its plane, as well as the angle
of positlion d for this pressure. Comparison of the maximum
pressure with the data given by the rod furnishes angle c.

The device was calibrated in the IMF. Lille 2.40 m wind
tunnel. Two mock-ups of a single long-fuselage aircraft were used.
These were In turnwmounted on a special support making it possible
to vary the incidence from 0° to 90° and the sideslip from -90°
to 90° by slight movements of the center of the mock-up.

The rod was studied in full scale, mounted on a forward
fuselage tip. The parietal pressures on the ring were read

during simulated spin.

" 1.2.2. Information Furnished By Reod /

Flgure 7a shows, as a function of angles ¢ and d, the ratio
K =_(Pr - Pslftaﬂgfal, where P, = static pressure at rod, Py =
= statlc pressure of wind tunnel, 9U2/2_=_kinetic pressure of

wind tunnel.

This graph refers to a rod equipped with a static préssuré'
~gauge with four openings. It may be noted in this graph that
with a constant angle ¢,  ratic . K, varies widely: the static

5



pressure at the rod is not isotrgpic;

In order to improve exploitation of the anemometric results,
the tests were performed agaln using a staftic pressure gauge with
12 openings CSee Fig. 4y. The results are given in Flg. 7b, which
shows that this time the statlc pressure curve for the rod has
become isotropic: no irrégularities can bhe detected in the curves.
Since angle @ no longer comes inte play, 1t was possible to
represent the curvés,giVen in Fig. Tb sclely as a function of
angle c: see Fig. Te.

The total pressure curve for the rod also belng iscotroplc,
these results are given in Fig. 7d, in which the ratio

__-Pr -

fﬁm
2t \
is plotted as a function of angle ¢, Pt being the total pressure

for the red and Pr being the static pressure for the rod.

By way of example these same results were transferred to
Fig. 7e, but as a function of angles o and B. It may be noted
that the same values for K, may be given for different pairs
@, B. The same would be true for Ks‘

On the basis of this observation, the cholice was made to
study ¢ and d first rather than o and 8.

©1.2.3. Information Furnished by Ring

Figure 8 glves as examples two typlcal curves representing
pressure distribution on the r;ng‘ The ratile Kp defined by: -/

Pp = n
»

- -q---
1



is plotted as a function of angle d, P, being the local pressure
on the ring.

_ For ‘pair‘ ¢; 6; Fig. 8b shows two curves which are;sym-
metrical to directlon d = 45°, The existence of these: two curves 1s
related to the existence of asymmetric flows which will be dis-
cussed in the chaptér dealing with analysis of yawing moment.

The present sectlon is reserved solely for study of the
umax ~ withlin the plane
of the ring, and thus the maximum value for Kp, termed Kplnaxs
this value was found to be very little affected by the asym-

maximum value for local pressure —- P

metry of the curve.

Several methods were tested in an attempt to determine prnax
and its direction d, some using overall characterizations for

curve Kp = f(d), and others using local characterizations.

(a) Overall methods
a.1. Method of least squares

This method does not always yleld satisfactory results due
to the asymmetry of the downwind flow. at certain values
for angle ¢ (see example given in Fig. 8b).

a.2. Method of ellipse of ilnertia

This method Invelves knowing the direction of the principal
axes of inertia of the curve Kp = £(d).

Here agaln, the method fails due to the asymmetry down--". .-
wind for certaln values for angle c,

a.3. Method of Spline Tunctlons passing through 12 measurement
paints ‘

Computations using Splige functlons passing thfoﬁghﬂlE points
require approximately 2 seconds for the computer at the '



In~-Flight Testing Center where the aircraft spin tests took
Place; this Interval is too slow for operation in real time.

Furthérmore; when curve Kp = £(d) is "wasp-waisted," . = /9
deformation; of the Spline functions 1S such that the results
Sought are no longer accurate.

(b} Local methods
b.l. Cubic method

Fourvconsecutive points are considered; an exact cublc curve
is made to pass through these points and its maximum and direc—
tion are noted.

One point is then removed; an exact cublc curve is again
made to pass through the points and the new maximum and direc-

tion are noted.
This operation is performed 12 times around the entire ring.
The highest maximum and 1ts direction are retained.

This determination procedure was found to be much faster
than the preceding (100 times faster). However, the precision
of the maximum retalned and 1ts direction 1s slightly lower
with this procedure.

b.2. Procedure based on comparison of values

The computer considers three consecutive polnts on the curve
K, = £(d) and computes the sum.ofithe three readings.

One peint is then removed and & sum of..three values,:
is again computed.



This operatlon ls performed 12 times,

Thé grQup of thrée'points.giving the maximum sum is retained,
and the point immediately on each side of this group is added to
It. The groﬁp of fivé points thus deflned can then be charac-
terized by a cﬁrve whoze maximum willl be determined. This system
of five polnts 1Is shielded from any angular area and thus from
any source of ambigaity. Cholce was made to pass a Spline function
through thesé fivé points, which easily yields the maximum ' '

parietal pressure P and the corresponding angle 4.

fmax

This was the procedure retained, due to the speed of computa-
tion and the qualify of the results.

1.2.4. Utilization of Measurements /10

The position of the maximum and its value can always be
determined, no matter what the pressure involved may be. Thus
with regard to aircraft, one no longer conslders the ccoefficient
Kp’ but rather Kﬁ defined by:

K' - Eg-:nra
P P - P,
In the same manner, one has:
ke o Ptmax " Pr
P max P = P,

The relationship hetween Kﬁ and Kp is given by:

KE K'
N -

CSeeﬁdefinitign of XK, and Kc_avael-

Figure 9 shows the lseotropic eurves Kﬂwnak as a function of
angles ¢ and d. Thils repreSentation‘shOWS'thé ring to be very



s§lightly anisotropic; based on the tésts, this can be attributed
to the influence of the part of the aircraft to the rear of
the ring.

Drawn from Fig. 9. whéré d = 0, Fig. 10 shows the variations

'Y t 3 ‘ . - ¢ i k .
in Kp max 25 & function of ¢. Determination of Kp — it
.possible to determine'c, In order ta take into account the

anisotropy which was just mentlened, the value found is cor-
rected as a function of itself and of angle d. The correction
is zero when d is less than 50°. When d ranges from 50 to 90°,

the correction is linear.

Figure 11 shows the maximum correction Ac (when d = 90°) to
be made in the value ¢ obtalined.

In practice, this correction, which remains slight, is made
only when the sideslip is very considerable.

In summary, the procedure for utilization of the anemometer

is as follows:

One filrst determines Kﬁ:n&x and its direction d; then on the
basis of Kﬁlnax it is possible to compute angle ¢, whieh is cor-

rected on the basis of the value obtalned for it and that obtalned
for d; once the corrected c¢ factor and d factor are known, it is
possible to determine a, B and pUE/Z.

" 1.2.5.  Remarks S /11

The value for ¢ makes 1t pessible to compute coefficients
K and Kc: 7 7‘ |

K, for determination of the real statlc pressure,

K, for the real total pressure.

10



- The real statlc pressure thus being known, there are two
posslble sqlutlons for computatlon of the pegl.air density:
elther by reference to the standard atmosphere or by consulting
the temperature and static pressure recorded during the ascent
of the alrcraft.

The K, Valaé thus makes 1t possible to computé the speed.

1.2.6.  Vares

Experience gained in the use . of anemometric device A
{(1.1) has resulted 1n the vanes of the anemometer B beilng placed
much farther forward on the nose so that they will be less pro-
tected from the wind at the high o or B factors attainable.

An incident vane is located on the left side of the nose
and a sideslip vane beneath the nose, which iﬂ_this case 1is
preseti:120° on the axis of the nose so that it will retain its
value at extremely high incident angles (see Fig. 12).

On the other hand, the arrow of the vane, the type con-
ventionally used in aircraft testing, which heavily protected the
stabllizers of the vane when the incident angle was between 0°
and 30°, was replaced by another arrow which was much shorter
(29 mm rather than 76) and denser in order to keep the weight
of the vane in equilibrium (Fig. 13).

Designed in thils way, the vanes were callbrated on the
forward tip of the fuselage in full scale, as already mentioned,
and equipped with the rod. The mV values given by thelr angular
potentiometer were read. The q—B range of correct use of the
vanes was thus defined; as Flg~ 14 indicates, this range is:

1

0° & = & 90°
- 30" ¢ pg+ 30°

11



Beyonq 30Q° sidesllp, the incident vane is protected by the nose; .
below:-30%, its sensitiyity to sideslip 1s negligible, and the
values glven by:the‘poténtiométEP'are thus too close to each /12
other to bé‘used.

1.2.7. Full-Scale Tests

Anemometer B was tested on a fighter alrplane during its
series of spin tests.

Although the anemometer and the vanes could be compared
only within a relatively narrow a-g range, this is nevertheless
extremeiy valuable 1in defining the degree of accuracy of the
information furnished by the anemometer.

The tests performed showed the information furnished by
the anemometer to be extremely useful in the exploitation of
spin recordings. Within the range where they may be compared,
the values glven by the vanes and by the anemometer for a and B
are extremely close, as shown by Fig. 15. This agreement makes
it possible to conclude that o and B have been extremely accurately
determined within the entire range -90° to +90° of these two
angles.

Thus dorsal spin is as well defined as ventral spin.

2. Measurement of Yawing Moment

2.1.  Preliminary Remarks

Spin by long-nosed fighter aircraft is frequently erratic.
By means of verticai wind tunnel tests 1t 1s possible to show
that in many cases the nature of the spin may be very appreciably
modifieq by the overall shape of the forward part of the fuselage
or by detalled deslgn changes in this farward part. In wind
tunnel tests 1t wasz also found that the‘féproducibility of spins

12



by the aircraft concerned was very slight, with the result that
virtual statistical analyses Weré necessary, wlth the necessity
of répeating some tests a largé number of times. Conventional
measurements: of yawing moment were performed on the mock-ups used
in a spin wing tunnél;‘first in order to obtain the additional
information necessary for insight into the phenomena involved,
and second, to be ablé to.dévise means of correcting these
Phenomena, including safety devices. |

2.2, Example of Yawlng Moment at Zero Sideslip

At zero sideslip, the yawing moment was found to be
extremely high at some incident angles for some types of long- /13

nosed fighter alrcraft. The absclute value of the yawing moment
1s not defined, but thils factor i1s given by its ratioc to the. yaw-
ing moment furhished at zero o and B by the rudder when 1t is
deflected downward; it was found that this ratio may equal 3.

An initial reaction to this type of result is the con-.
c¢lusion elther that the airflow in the wind tunnel is not axial
or that the mock-up is not symmetrical.

Figure 17 shows the variations in the curve for 10° side-
slip: these results eliminate the error due to sideslip.

In response to the second point, the tests were performed
again with the nose -- which was a cone of revolution -- turned
on a length equal to 67% of the mean chord of the aircraft.

Figure 18 gives the results obtained for four positions

90° from each other, These results eliminate the erzor of Sym-~
metry for the mock=up.

13



It was thus necessary ta.acknowlédge that these results,
even though surprising, corrésponded.to a real phenomenon,. con-—
sldering thé'fact that highly asymmetrical alrflow can occur
around a body such as an alrcraft of the type studied, placed
in symmetrlcal positions in relation to the speed at a distance.
Furthermore, 1t was shown that the direction of asymmetry is
determined by very slight unevenness or deformations in the
forward tip of the fuselage.

Our American colleagues have noted identical phencmena.

This asymmetry in airflow may explain some observations made
during free spins, dealing on the one hand with the problems in-.
volved in voluntarily reproducing this type of phenomenon and,
on the other, with certaln movements detrimental to recovery

from spin.
The horizontal wind tunnel tests were followed by various
modifications in the shape of the mock-up for the purpose of

making the airflow symmetrical.

2.3. Criterla for Classification of Modifications

To be able to determine which of the modifications studied
constituted the most effective means of correcting the airflow,
two criteria were set up to facilitate comparison.

'2;3;1;"Criterion'df Symmetrization S /14

Thils was based only on. results obtained at zero sideslip,
and defined the efficiency of the modlfication made in the
nose with regard to symmetrization of the alrflow.

In Fig. 19, the term a char.ac.tér‘fczes: the decrease in the
maximum medulus of yawing moment C,; term b characterlzes the ™

galn in a over the entire range Cbeglnning with a = ) where

14



Cﬂ remains relatlively low; and term.éicharacterizes the decrease
over the entire range where C, 1s high.

The criterion is K, = ae/b. The farther this value is
below 1, the more efficient the device..

"E;S:QJ:ZCfitéribn'Of'Stabilization

This concérns me&suréménts made with sideslip at values cther
than zero and defines the range of yawing stability, that is,
the o-f range within which the yawing moment tends to decrease

sldeslip.

This second criterion is also composed of three terms "\
Fig: 20}):

—-— term f characterizing the increase, at g = 0, in the
extent of the o range (beginning with o = 0) where CnB
retaing its slgn;

—— term g characterizes the Increase In the average value

of CnB within the preceding range;
— term h characterizes the increase in the average extent

of B in the a—-B range (beginning with a = B = 0) where
Cne remains of the same sign.
The criterion is K2 = f.g-h. The greater this value is
than 1y .the more efficient the device.

2.4, Modifications of Nose

Tests using nose configurations derived from basilc
~geometry and of extreMely diverse'type$; both realistic and
unrealistic, were performed with the objéctive.of,first defining
the types of modifications which would be most efificient in
producing & symmetrical airflow.

15



Thé,following are the

2

Modiff{cations :

e

Basic geometry

Ring perpendicular
to axis of nose

Small fins at
extreme forward tip

"Screwdriver' nose

Rounded nose
Conical end fitting

Vertical surface
above nose

Keel

Striated nose

Flat, rectangular or
trapezoidal strakes,

either sawtoothed or in the .~i“

form of crenellations

results of this phase of research: /14!

© .
©

1,6
{(detrimental)

0.45
0.06

C.45

N/\/\/\f\ A

S: 1.2
“IIUHI[ 0.6 to 1.

RV

Measurements for the criterion K2 of stabillzatlon were

performed only er conflgurations having met criterion K, of
symmetrizatlon, these were vartous types . of strakes for which
K remalned very close to 9..

16



2.5, Effect of Strakes on Yawing Moment . gt

Freé spin tésts:for both critéria showed strakes to be the
design of preference.

Flgure 21 givés thé ratlio of the yawlng moment obtained at
Zero sidéslip with a:nose equlpped with strakes to the yawing
moment givén at.zéro & and B by the rudder deflected downward.
This ratlo was appreciably lower than that obtalned with the
original nose. The maximums are approximately one-tenth their for-

mer values:; the flow 1s almost symmetrical.

Figure 22, with the same frame of reference (downward direction,
zero ¢ and B8) gives the yawing moment as a function of sideslip
for a characteristic incidence (40°) with and without strakes.

It shows that the range of stability has increased (see the
definition of this range in 2.3.2).

Finally, Fig. 23 gives the range of a-f stability with the
criginal nose and with the same nose equipped with strakes.

2.6. Relationships Between Yawing Moment and Anemometric Meas-
urements

Measurements determined by anemometry, which were discussed
in Chapter 1, give some information on the way in which the
very significant Crl factora which have just been considered are
obtalned at g = Q.

As was stated in Section 1.2,3, due to the asymmetry of the
upstream alrflow, with the use of the anemometer only those

pressure intakes in ﬁhe ring producing a separationspoint of the
airflow at that structure were.taken into account.

17



Since the method for exploitation of results had not been
predetermlned an attempt was made fto determlne fine‘varlations
In paritetal pressure. For this purpose, the ring of the mock-up
was eqUippéd with‘lBypréssure Intakes (every 20°). In addition,
the forward part of thé mock-up fuselage containing the ring was
a cone of révolﬁtion formed by metal worked on a lathe with:the
abllity to rotaté'aroﬁnd itsfaxis. Thﬁs‘by turning the nose to
positions at Intervals of 5° 1t was possible to determlne:ithe
parietal préssﬁre é#ery 5° in four maﬁipulations.

An initial exploltation of thé measurements was made by
plotting, for a single a-B8 palr, the four curves passing through /16
the four groups of 18 points separated by intervals of 5°.

Although neighboring curves were generally obtained, on the other
hand for some oa-B pairs, especlally those for which o was between
25° and 45°, it was found that the four curves for a single a-8
combination could differ appreciably from each other.

Thus for a single o-B pair, one notes with reference to the
example given Fig. 8b:

~- that the curves are not symmetrical in themselves: this

implies that the airflow has no plane of symmetry;

-« that, on the other hand, the different curves are sym-

metrical to each other in relation to the directlion 4
defined by KpmaX (see Section 1.2.3).

Since the asymmetrical ailrflow may occur in one direction or
the other, the asymmetry thus is not due to a defect in the mock-up,
but to an intrinsic characteristic of the alrflow (metastable flow),
which seems to be linked to certain values faor angle ¢ (30° < ¢ <
< 60°) as defined in Seetion 1.2.1.

With the alreraft itself, equipped with anemometric device B
(see 1.2], a metastable asymmetrical airflow may be recognized by
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considering the parietal pressure on the ring and plotting 1its
pglar‘curve.Ea ﬁ,f(dlq ‘Therpressure integral around the circum-
. ference of the ring indicates the direction and orilentation of
the forCe”colléctéd on the nose.

3. Safety Devices -

©3,1. " Preliminary Remarks -

It has always béén ﬁndérstood that an alrcraft cannot be
used in In-flight spin tests until wind tunnel tests have first
showny -first, that the spin ls not too severe 1n itself, and
second, that thé récovéry from spin can be carried ouf under
acceptable conditions. However, safetyddevices have been studied,
and the present chapter discusses some aspects of these studies.

" 3.2. Parachutes /17

3.2.1. Prineciples of Utilization

An "antispin" parachute is sometimes considered for use in
recovery from spin. It was demonstrated some time ago that in
order fo be effective, and often merely so as not to be dangerous,
the antispin parachute should meet certaln conditions: it should
have a long cable, on the order of 1.5 times the length of the
aircraft; the canopy should have a wide surface area; the point
of attachment should be such that when extended, the cable does
not rub against or become caught on a component of the aircraft.
Under such conditlons, the parachute, ocutside afeas:;of extremely
disturbeéd flow, should be able to provide a means of recovery.
However, one should conslder the case of extremely agitated spins,
which virtually preclude the use of anﬁispin,parachutes due ta
the high risk of the cable becoming caught on the ailrcraft.

For this type of spin, another means of using a_récavery
parachute has been devised. In this case the parachute 1is

termed a "loss-of-control™ parachute, meaning that it must,bé'
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used at a yery early stage, even beforé the spin is actually
established; this type of use presents a definlte problem in
regard to the extremely short time left for the pllot to decide
to use the parachute. However, it was not our purpose to consider
this aspect), bﬁt'only thé aercdynamic aspects. This type of
parachuté'W0uld not be specialized for spin only, but rather
could alse be used as the bhraking parachute for the alrcraft;
thus it 1Is not nécéssary for the parachute cable to meet the
requirements of thé'antispin parachuté,iand its limits of
utilization can thus be studied more précisely.

Figure 24 shows the limit of utilization of the parachute
as a function of d and B, based on its behavior for four cable
lengths which were whole multiples of a characteristilic cable
length for a braking parachute equalling approximately 35% of
the length of the fuselage.

It was found that the oa-8 range of satisfactory parachute
operation was too small with the use both of the cable length
of a brakling parachute and twice this length,for these lengths
to be coensidered usable.

When the length used is three times that of the characteris-
tic length of a braking parachute cable, utilization of the loss
of control parachute extends over virtually the entire a-B range;
a small residual danger zone remalns, however, for very high
incident angles at zero sideslip: the canopy opens correctly,
but the cable comes into contact with the stabillizers.

In order to define the filling of the parachute within:the

p0351b1e utlilization range, the rat;o of the tension within the
cable to that whﬁch would be obﬁalned 1n.theéﬂrflmvat a distance.
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was formed. Flgure. 25 shows,'as a fﬁnction of d-B, the 1imit
of the range where the ratio obtained falls 0 one third for

the four cable lengths: a rapid Increase was noted except for
the longest lengths, at a very highey value and B =

In spin tests of a parachuté one actually seeks to determine
the introduction of a moment which 1in the present case is a pitch
moment, the parachute cable always being located in a direction
fairly close to that of the speed at a distance.

Thus Fig. 26 gives the ratio of the pitch moment due to the
parachute to the centrifugal pitch moment as a function of the
Incidence, for cablé lengths equal to and twice that of a
braking parachute cable and a rotation speed of one rotation
every 2.5 seconds. It may be seen that this ratio is always
less than 1, or remains too close to kw:. The same would not be
true of a cable length at least three times that of a braking
parachute cable.

In conclusion, In order to be efficient and reliable, the
loss«of~control parachute should have characteristics very close
to those of the antispin parachute. It is not likely that it
will be possible to use braking parachutes for this purpose.

3.3. Auxiliary Surfaces

When 1t is found necessary to modify the phenomena occurring
during wind tunnel spin tests while the structure of the aircraft
must be kept the same, the frequent solution ls to add external
surfaces which become means af reccvefy if'they are retractable.
It has been our usual polilcy for sdme time to recommend such '
procedures to atreraft manufacturers; the auxilary surfaces have
frequently been implanted at the rear of the fuselage, and the
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carllest example of thils type of structure in fixed form was
praduced by*ﬁquga-Magister.(i9531; in g number of cases manu-
facturérs h&vé'de&igned these structures in retractable form.
Auiiliary strﬁcturés are also located under the fuselage and
toward thé‘front, thé éarliest example of this type of design
bheling producéd by Durandal (1955). More recently, the strakes
discussed in Chapter 2.5 have been studied. Two types of
fighter alrcraft have been equipped wlth these structures to
provide means of recovery. During in-flight testing of one of
these alircraft, the efflclency of the structure itself was
studted without the necessity of usling it as a means:of recovery.
The results obtainéd‘checked out véry clogely with the predlicted
results for thé wind tunnel.

e
—
O

|

3.4, Rockets

....................

3.4.1. Preliminary Remarks

Rockets also may be considered as recovery devices. Their
use was studied for light aircraft In full-scale spin tests;
the purpose was to provide a device which could easily be in-
corporated into any spin test installation for this type of
aircraft. Thus there was reason to coptimize the implantation
and dimensions of such rockets. Tests were performed in a
vertical wind tunnel on mock-ups of light planes equipped with
small rocket engines. ‘

The control of spin does not deal with foreces but with
moments; thus the ftests were conducted by intfoducing effects
separately around three axes. In equipping the mock-up, theamount
ef weight which had to be placed on board in order to cover a wilde
range of thrust required that the comhustion chamber be close to
the center Qf inertia; extremely lightweight tubes are used for
connectlion with the nozzles; the efficlency is wvery lowq Qther
design conflguratlons may be used for aircraft and the efficiency
will be considerably 1mpreved.
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The tests were made primarily for the typés”or spin which ~
are most difficult to control, that is, flat spin (angle of
incidencé”clbse'tu 90°%) and fast spin (< 2 seconds/airplane
rotatton].

In thé followlng, the thrust values are given as a percentage
of the welght of the aircraft and the perlods of operation of
the engine aré'givén as the average length of fime for one spin
rotation. See Fig. 27 for the poilnts of implantation of the
rockets.

From the outset this means of recovery is more attractive
than a "yaw" or "roll" rocket since a:ssingle pltch rocket
installation will be adequate, no matter what the direction of

spin may be.

The tests performed revealed that unfortunately the effect
of a rocket influencing pitech is highly inadequate. In order to
obtain acceptable recovery without the aid of the rudders, it is
necegsary to attain an unrealistlc level of thrust and specific
impulse: the thrust must be greater than the welght of the air-
craft if one wishes to obtain an effect within approximately one
rotation.

“30h, 2.2, Roeket Influencing Yaw

With a rocket influencing yaw, obviously operating in an
opposite directlon to that of rotation, the thrust moduli necessary
are much lower than those required for pitch.

With the mock-ups studied, artificially restricted to. flat,
rapid spin, even though the rudders were kept in operation during:
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spin, rapid recovery was obtailned with levels of thrust equal
to 20 and 12% of the welght of the aircraft exerted during one
and two rotations respectively.

Thé'same'résﬁlts.weré agaln obtained with a level of thrust
5% of the weight of the ailrcraft exerted for three rotations,
if the rudders were'kept in;neutral position at the same tlme.

Figﬁré'28 givés a few examples of varlations in longitudinal
attitude'with‘the'application of yawlng moment and, by way of
comparison, the results obtalned by placing the rudders in

neutral position.

3.4.2.3.Rockett Influencing Roll

~

Both directions of action must be considered with
regard to rockets influencing roll.

If the operating wing is deflned as the wing located on
the outside of a turn in the same direction as the spin, the
rocket may tend either to lower or railse the operating wing.

A few results obtained during flat rapid spin are given in
the table below. The levels of thrust are characterized by
thelr modulus as percentage of the weight of the aircraft and
by their length of occurrence in number of rotations. Recovery,
when it is obtained, is given in rotations.

In Fig. 29 we have gathered a few characteristic results
obtalned with rockets acting around each of three axes. The
levels of thrust which 1t was néceSSary to apply until recovery
was obtalned are gilven as a functlon of the length of time -
necessary for receovery. Since'thé spécifio impulse'détérminéS'

24 .

/21



Thrust 74 - 3.4 184 - 2.5 22% -~ 3.7
rotations rotations rotations
ﬁu ders Change Change
t in: in spin in spin
2 rotations

pro-spin
Roc_:ket osition C8plnaonot Steepac:
raisin b oP
operat%ng very steep . splnio-,
wing Rudders

placed in 3.4 2.5

in neutral rotations rotations

position
Rocket
lowering Change in
operating spin
wing, 3 rotations
rudders Spin not
left iIn steep
pro-spgin

position

the weight of the rocket,
structural implantation, iso-specific impulse curves are alsc

plotted in this figure.

while the thrust may determine the

The left-hand part

sents a comparison of yaw and roll, and the right-hand part

reproduces a scale whieh is small enough so
to include a point representing pitch.

of efficiency was found
may be characterized by

The increasing order
to be: pitch, roll, yaw.

applying to the three cases the

coeffictents 1/15, 1/5 and 1.

It should be.noted, however, that for yaw two rockets or
one adjustable nozzle are necessary; for roll, beyond a given
level of specific Impuls

what the direction of fo

e recovery may be obtalned no matter
rce may be, while on the other hand

the attitudes assumed may not always he favorable to purity

of movement. . The tests

pleted, and 1t appears that the preferential directlon of action

on‘rolling moment have not been com-

of the figure repre-

that 1t is possible

This increase
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may change depending on the nature of the spin. If the yawing
action is used, it may be noted that a relativély small rocket
cah provide a Verykefficienf means of pecovery: 4% of the
welght' of the alrcraft acting simultaneously on the rudders
should always pérmit rédovéfy. By comparison, the drag produced
by an antispin parachute in undisturbéd alrflow may be setim.

at 50% of the wéight of the aircrafit, which leads to much lower
efficiency.

S 3.4.30  Tongitudinal Action of a Rocket

During the reséarch thsé'principal results have]just been
discussed, a féw tests wére'performed In which 2 longitudinal
thrust was applied representling.a level of thrust equal to 20%
of the weight of thé airecraft. No effect was noted, ofther than
a slight modification of the relative positions of the aircraft
and the axis of spin.

From this it may be concluded that the assumed traction pro-
duced by a propellor or thrust from a jet engine has .only a
negligible direct effect, the traction becoming slight due to
the angle of incldence and the jet engines having a strong
tendency to extinguish. If propellors do produce an effect, this
should be sought 1In gyroscople couple or 1n modiflcation of the
orientation of the wakes:of the planes and the fuselage. This
effect, which could be beneficial in one directlon of spin,
may on the other hand be unfavorable 1n the oppesite direction,
with the result that any aircraft should be able to show a
capability for recovery from spin with its engine Stopped or at
least slowed down. | |
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Only points at which anemometer 1s usable for the
type of spin considered.

3. Readings from sideslip vane of deviece A{(at.high incidence).
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Fig. 4. Rod for anemometer B.

Key: 1.
2.

Total: diameter U
Prior to modification:

four openings, diameter 3.2

3. After modification: 12 openings, diameter 3.2

4.

Static
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Fig. 5.
Key: 1.

Positlon of pressure ring of device B.

12 openings, diameter 3




Definition of anemometric angles ¢ and d

device B.

Fig. 6.
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Key:
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Key: 1. Isotropic curves
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Fig. 7 ¢, d, e. Information given by rod B (continued).
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Fig. 12. Placement of vanes.
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Fig. 18. Measurement of yawlng moment at zero sideslip, with
successive rotational pesiticns of nose.

Key: 1. First position of nose
2. Rudder deflected downward at....
3. Second position
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5. Fourth position
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Key to Fig. 20, cont'd:
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-

8.

9
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Fig. 21. Yawing moment with strakesiat zero sideslip.

Yawing moment

Direction deflected downward
With strakes

Without strakes

Key:

B UV L\
- L] - L]




Fig. 22. Yawing moment with strakes at U40° incidence.

Key: Same as for Flg. 21.

Fig. 23. Range of a-B stability within which yawing
moment tends to produce a decrease in sideslip.

Key: 1. With strakes
2. Without strakes
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Flg. 24, Utilization limit of parachute on the basis

of its behavior.
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Fig. 25. Average stress in cable.
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Fig. 26. Centrifugal couple of piltch balanced by
parachute.

Key: 1. Length of cable studied / length of braking para-
chute cable
2. Pitching moment of parachute (average for a range
of 30° for B) / centrifugal pitching moment for
spin at 2.5 sec/rotation
3. Danger zone
Y. Extreme limit of utilization
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Key: 1. Pitching thrust

2. Relling thrust

3. Yawing thrust

4, Recovery from spin solely by placing rudders

in neutral position

5. Recovery from spin
6. Diameter
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Recovery from spin with Recovery from spin with
thrust 5% of weight of thrust 20% of weight of
aireraft, influencing yaw, alreraft, influencing yaw,
rudders in neutral posi- rudders remaining 1n pro-
tion. spin position.

Key: 1. Recovery from spin
2. Dlameter
3. Number of rotations

Key to Fig. 29 (following page):

1. Thrust in newtons

2. Piteh
3. Roll
4, Yaw
5. Length of recovery in seconds
6. Iso-specific impulse curves: 12Q0 ns, 2400 ns, 1000 ns#¥
7. No recovery ' '
8. Weight of aircraft
9. Curves
10, Thrust in: yaw
roll
pitch
yaw

11. Rudders
12. In neutral position
13. Kept in pro-spin position

¥as corrected by Errata 1list.
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